A simple model to explain the observed muon sector anomalies, small neutrino masses, baryon-genesis and dark-matter.
The Standard Model (SM) of particle physics turn out to be very simple but powerful mathematical construct that has stood unscathed from many experimental probe to find its loop holes for about forty years by now. Although SM itself has been verified by many experimental probes of its predictions, the neutrinos oscillation (the simplest way to interpret it, is to assume neutrinos have tiny but non-zero masses) and the dark-energy and dark-matter (DM) are clear indication of its incompleteness. But recently some intriguing anomalies has been reported by various experiments in muon (g-2) [1] , R K ( * ) [2] [3] [4] and P ′ 5 [5] [6] [7] which may be indications of cracks in the SM. In general the flavor changing neutral current (FCNC) are sensitive to new-physics (NP) because SM is free of FCNC at tree level.
One particular FCNC mode which has been well studied is b → sll, and it provoked tremendous interest in the particle physics community when LCHb reported anomalies in B → K * µ + µ − , B s → φµ + µ − and R K ( * ) = Br(B→K ( * ) µ + µ − ) Br(B→K ( * ) e + e − ) [4] . Although the deviations in each individual modes are in the range of (2.2 − 2.6)σ, since all these mode are in the b → sµµ, the combine amounts to a significant deviation from SM prediction, though exact significant is still not properly settled yet, but some estimate put that to as high as 4 σ [9] . A global fit to NP indicates that a NP contributions in Wilson coefficients C 9 , C 9 = −C 10 , or C 9 = −C ′ 9 with preference for large negative C N P 9 at the level of 4-5σ than SM [8] [9] [10] . In this work we propose a model where NP contribute to b → sµµ via box diagram to generate a NP Wilson coefficient C N P 9 = −C N P 10 . The combine global fit in this case for the Wilson coefficients is given as [9] −0.81 ≤ C N P 9 = −C N P 10 ≤ −0.51 (at 1σ).
The most important constrains on the Wilson coefficients in these kind of models comes from the 
where µ H = 2m W and for the Br(B 0 s → µ + µ − ) we have [12] Br
which is 1.2σ below the SM expectation of Br(B s → µ + µ − ) SM = (3.66 ± 0.23) × 10 −9 [13] . For the b → s γ, the constrain on C N P 7 and C N P 8 at 2σ turn out to be [11] −0.098 ≤
where µ H is take at 2m W . Then there is also the observed anomaly in the muon (g-2)
which is at 3.6σ deviation from SM prediction [1] .
Model details.
In this work we would like to propose a new-physics (NP) model which can explain the anomalies observed in R K ( * ) and muon (g-2) along with the loop generated neutrino masses and baryon-genesis via lepto-genesis. Also a viable scalar dark-matter (DM) is included. In line with the arguments given in [11] [14], we introduce two heavy scalar φ Q and φ l , where φ Q is a lepto-quark, doublet under SU (2) L SM gauge group, and φ l is the inert-doublet of inert two-Higgs-doublet model (IDM), both of which are odd under a discrete Z 2 transformation. Three heavy charged leptons F e , F µ and F τ whose left-handed components are charged under a new U (1) F gauge symmetry, all are odd under the discrete Z 2 transformation where the subscripts on the heavy lepton symbols denote lepton numbers they carry. We also introduce a new scalar φ charged under the U (1) F which develops a non-zero VEV and gives masses to the new gauge boson Z F µ as well as new heavy leptons F e , F µ and F τ . In addition to the above new particles we also add three right-handed Majorana fermions N iR to generate neutrino masses at one loop as well as to generate the baryon asymmetry via lepton-genesis [15] and our model also include a scalar DM candidate S [16] . The new particles and their charge under the various transformations are tabulated in Table- 1. With these new particles, as pointed out in [11] [14] , one loop box contribution to b → sµ + µ − can be generated. Due to the fact that left-handed F l being charged under the U (1) F , only the right-handed components of the new particles and the left-handed components of SM fermions (which are both not charged under U (1) F ) can interact via Yukawa terms given as
Now the main constrains on the values of Y i and n i comes from the anomaly free conditions which
which are the anomaly free conditions coming from
3 F respectively and one more anomaly free condition due to gravity as 
The simplest non-travail solution of the above four equations is given in [17] by setting n τ = 0, then Y µ = −Y e and n µ = −n e solves the above four equations with Y τ a free parameter, in this work we do without requiring the existence of F τ 1 . We take Y 2 = Y µ = Q Fµ = −1 then Yukawa terms given in Eqs. (6) for F 1 = F e is not allowed due to charge conservation and so no contribution to b → se + e − from NP is expected, which is in line with the experimental findings that the NP is most likely in the muon sector instead of the electron sector [18] . And also, due to charge conservation and Lorenz invariance requirement, the F e will be a stable heavy charged lepton 2 whose mass (from the latest PDG [19] lower bound for heavy charged lepton mass) is m Fe ≥ 102.6 GeV but searches for long lived stable charged particles (in SUSY context) at LHC put the lower bound on heavy charged leptons as m Fe ≥ 620 GeV [20] . Now from the Eqs.(11) of [21] we have for the contribution of a neutral Higgs to the δa µ coming from the Yukawa terms of Eqs.(6) is given as
and in the limit
1 In general with Yτ = 0, the Fτ could also be a DM candidate, but in this work we will leave that possibility for a future pursuit and if we take Yτ = −1, then it can contribute to b → sτ τ as well as (g − 2)τ . where if m µ > |m F − m H 0 l | then both F µ and H 0 l will be stable, otherwise only the lighter of the two will be a stable particle. But in [32] [23] it has been shown that DM relic density contribution from scalar DM with Yukawa coupling in order unity (required for H 0 l to explain the muon (g-2) as shown below) is negligible, so in this work we introduce one more scalar singlet (S) to account the whole observed DM relic density. Experimentally the observed anomaly in the muon (g-2) is given as
amounting to about 3.6σ disagreement with SM prediction [1] . As first pointed out in [22] , this Collider signature of our model are similar to those given in [17] .
Scalar Sector And DM.
The scalar potential can be written as
where in the unitary gauges we have H = (0, 1
) T with S being a complex singlet scalar. Then the masses of the scalars are given by
As it is well known that the scalar singlet (S) stabilized by the Z 2 symmetry can be the DM candidate.
If the couplings of the scalar singlet to other scalars are negligible compare to its coupling to Higgs, then the DM annihilation in this model is also dominated by the Higgs portal similar to the SM plus a scalar singlet models. In that case, recent XENON100 [24] , SuperCDMS [25] , LUX [26] and PandaX 
Anomalies and bounds on Wilson coefficients.
In our model, which has same gauge group representation as the A-I of [11] , the contribution from the NP to the observed anomalies in b → sµµ observables comes from the box loop, and in [11] the authors have done a general analysis of such models. The contribution to the Wilson coefficients of b → sµµ by NP box loop is given as [11] C N P
where
with
Fµ
. As mentioned in section 2, to explain the muon (g-2)
within 1σ of the experimental value, we need 
we get C BB = 7.073 × 10 −7 TeV −2 which is about an order of magnitude smaller than 2σ present experimental bound given in Eqs.
(2) at µ H = 2m W . Similarly with benchmark masses and Y b Y * s = −0.029 we get
which is almost two-orders of magnitude smaller than the present 2σ experimental bound on this combination of Wilson coefficients coming from b → s γ data given in Eqs. (4) , where
and 
where C ef f. 10 = C SM 10 + C N P 10 with C SM 9,10 = (4.07, −4.31) [9] and C N P 10 = +0.66 as our benchmark value, we get Br(B s → µ + µ − ) ef f. = 2.63 × 10 −9 which is well within the 1σ of the measured value. The bound coming from B → K ( * ) νν is much weaker than the experimental bounds from B → K ( * ) µ + µ − , so we can ignore constrain from this mode [11] .
Loop generation of neutrino masses and Baryon-genesis.
With presence of N jR we can have Yukawa terms such as
which is well known to give Majorana neutrino mass term M αβν c α ν β + h.c at one loop level via the scotogenic mechanism given as [15] 
where N 1R being the lightest of the three heavy Majorana neutrinos. A Yukawa couplings of order |h 11 | 2 ≈ 10 −7 will be able to generate required baryon number excess and neutrino masses of order O(0.04) eV which is close to the latest experimental bound on largest of neutrino mass difference from nuetrino mixing measurements of |∆m 32 | ≈ 0.05 eV [1] , for more details see also [15] [31].
Conclusions.
In this work we have proposed a simple model which can explain the observed muon related anomalies along with small neutrino masses and baryon genesis. We have introduced one leptoquark (φ Q which is triplet under SU (3) c ) and one inert Higgs doublet (φ l ), both are odd under a Z 2 and doublet under SU (2) L , atleast two SU (2) L singlet heavy leptons F e and F µ , both odd under a Z 2 and whose left handed components are charged under a new U (1) F gauge symmetry. One Z 2 even scalar singlet under the SM gauge groups but charged under the new U (1) F gauge symmetry whose VEV gives masses to the new heavy leptons and U (1) F gauge boson. Also we added three very heavy right handed
Majorana neutrinos odd under the Z 2 to generate neutrino masses at one loop via the scotogenic mechanism as well as to account for the observed baryon asymmetry via lepto-genesis. One more scalar S, odd under the Z 2 , to account for the Dark Matter (DM) in the universe is also introduced.
